Background Forest plots are graphical displays of findings of systematic reviews and meta-analyses. Little is known about the style and content of these plots and whether published plots maximize the graphic's potential for information exchange.
Introduction
Systematic reviews are an important means of summarizing the methods and results of individual studies and increasingly are being used as a starting point in the development of clinical practice guidelines 1 and have been advocated as the starting and ending point of all randomized trials. 2 Forest plots-the graphical display of individual study results and, usually, the weighted average of studies included in a systematic review-are one way of summarizing the review's results for a specific outcome. [3] [4] [5] [6] Plots of this kind first appeared in the 1970s and were refined over the next two decades; they were first called 'forest plots' in the mid-1990s. 4 Since that time the elements contained in a forest plot and the layout of such plots have become somewhat standardized, largely due to the introduction of software that helps authors construct these plots ( Figure 1 ). 7, 8 A standardized format for forest plots no doubt helps readers because repeated exposure to a familiar format decreases the time and effort required to become oriented to the graphic and likely facilities their interpretation. Nevertheless, many of the de facto standards for the construction of forest plots were not based on theory or empirical evidence regarding optimal information exchange and, for a number of issues, theory would suggest that current practice is suboptimal.
Recently, Moher et al. characterized many of the qualities of the text and tables in a group of systematic reviews. 9 We now examine the forest plots contained in this set of systematic reviews with the goal of describing current practice regarding their construction and display. By defining current practice we hope to identify ways that forest plots in future systematic reviews can be improved.
Methods
We used the database assembled by Moher et al., which consists 300 English language reports of Figure 1 The plot is drawn in STATA 11 (Stata Corp., College Station, TX, USA) from data presented in Ezekowitz et al.
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Note that studies have been sorted first by whether they addressed primary or secondary prevention and second by year of publication. This organization allows readers to easily determine whether they believe that these variables affect the outcome. systematic reviews (of various study designs) that were indexed on Medline during November 2004. 9 These papers were found by reviewing 1046 potential citations and keeping those that were systematic reviews, which offered explicit methods for article identification and eligibility. The 300 papers were found in 132 journals, and mainly reviewed therapeutic (71%), epidemiologic (13%) and diagnostic (8%) questions. A total of 54% of the systematic reviews did some type of mathematical pooling of individual study results. We reviewed each paper for the presence of any graphical attempt to simultaneously portray the results of the individual studies included in the systematic review. We also noted whether each paper contained funnel plots-a graphical display used to assess asymmetry of results, a possible explanation for publication bias. 10 We did not count isolated data tables; we required that there be some form of graphic presentation of the individual study data. We counted the number of plots in each paper and noted whether each paper was a Cochrane review.
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All plots from non-Cochrane reviews were included. We sampled the plots in Cochrane reviews because the number of forest plots they contained substantially outnumbered the forest plots found in non-Cochrane reviews. We used the random number function in STATA 9.0 to select two plots from every Cochrane review. We completed the sampling by randomly selecting from the pool of remaining Cochrane review plots sufficient plots to bring the total sample of Cochrane review plots to 500.
Plots were independently rated by two members of the research team (J.V. and T.H.) who had been trained by the principal investigator (D.S.) and had proved their accuracy on a set of training plots. Data forms were reviewed for inconsistencies between the raters, and the principal investigator adjudicated discrepancies. Forest plots were assessed for: whether the individual studies were separated into sub-panels and on what basis; how the studies in each plot (or each sub-panel if there were sub-panels) were ordered-alphabetically, by effect size, by weight, by year of publication, by study characteristic (e.g. dose used); and what measure of effect was used, what scale was used and what data elements were presented in the graphic.
Results
Of the 300 systematic reviews in the data-set, 129 (43%) were Cochrane reviews (Table 1) . Although all the reviews had forest plot frameworks, only 115 (89%) had data in the frameworks (in 14 Cochrane reviews all forest plot frameworks were empty as no eligible studies were included). There were 2197 individual forest plots (although $10% had no data, see below), a mean of 17 plots per Cochrane review [median 9, interquartile range (IQR) .
The maximum number of forest plots in a Cochrane review was 125.
Of the 171 non-Cochrane reviews, 28 (16%) had at least one forest plot. Non-Cochrane reviews with a forest plot had a mean of five plots (median 2, IQR 1-4). The three studies with the largest number of plots had 44, 20 and 9. A total of 3% (4/129) of Cochrane and 3% (5/171) of non-Cochrane reviews had funnel plots. Of the 28 reviews that had a forest plot that contained at least 10 studies, 3 (11%) had funnel plots.
The number of individual studies represented within the forest plots is presented in Table 2 . In general, there were fewer studies in the plots presented in Cochrane reviews than in non-Cochrane reviews. This was true for plots that contained a single panel of studies (median one vs seven studies) and plots that divided the studies into sub-panels (median one vs two studies per sub-panel). One paper 12 contributed 44 (32%) of 139 non-Cochrane plots. These plots were atypical of the other non-Cochrane plots-88 of the 92 panels and sub-panels had one study, 3 had two studies and 1 had three studies. Excluding this paper, single panel non-Cochrane plots had a median of eight studies and multi-paneled plots had a median five studies per panel. Although 36% of non-Cochrane plots that used sub-panels (71% if we exclude the one aberrant study) had two sub-panels that contained at least four studies, only 16% of Cochrane plots did so. When present, sub-panels were organized by an explanatory variable in 78% of Cochrane and 70% of non-Cochrane studies with the remaining plots organized by outcome variables. (Table S1 , Supplementary data are available at IJE online).
All Cochrane review plots displayed individual study results in alphabetical order, either by first author last name or study acronym (Table 3 ). In contrast, 46% of non-Cochrane review plots displayed study results by year of publication and a smaller number sorted the study results by effect size, and sample size. Ratio measures were the predominant reported outcome Papers with funnel plots (%)
4 (3) 5 (3) 9 (3) a All 129 Cochrane papers had forest plot frameworks but 14 had no studies in the framework.
and most were scaled between either 0.01 and 100 or 0.1 and 10. Cochrane review plots were always scaled symmetrically whereas non-Cochrane review plots used a variety of scales. A logarithmic scale was used for all plots of ratio measures. In all Cochrane plots the symbol used to indicate the estimated effect size (e.g. mean, relative risk) for each study was sized to reflect that study's weight. A total of 17 of 28 (61%) non-Cochrane papers (49% of all plots) had sized symbols. The typical Cochrane review plot includes: (i) a title that states the research question, the comparison being made and the outcome measure; (ii) a description of each study including author last name, publication year, the n/N (binary outcome) or N (continuous outcome) for each group, the point estimate and 95% CI both numerically and as a graphic, and the weight that the study was given if meta-analysis was performed; (iii) for each meta-analysis-a summary diamond, a pooled estimate of the outcome and its CI, the total N for binary measures, a test of heterogeneity and a test for overall effect; and (iv) a scale for the forest plot with labels indicating which direction favours one group or the other (Table 4 and Figure 1 ). With the exception of one plot that did not indicate which direction favoured the treatment group, all Cochrane review plots contained all these elements except those listed in (iii) above when meta-analysis was not performed. The non-Cochrane review plots were less standardized in this regard, with roughly half of the plots missing many of the elements outlined above (Table 4 ). In particular, the majority did not include the summary results of each of the studies depicted in the plot.
The majority of Cochrane review plots presented summary diamonds-graphical representations of the summation of the findings of the individual studies derived from meta-analytic techniques (Table S1 , Supplementary data are available at IJE online). Summary diamonds were presented in 70% of plots that had only one study and were used more judiciously in non-Cochrane review plots where they were seldom provided unless there were several studies to be combined. Of the 28 non-Cochrane papers with forest plots, 12 (43%) did not state the statistical method by which the summary diamond was created. Of the other 16 articles, 8 (50%) stated the method used random effects, 5 (31%) used fixed effects, 1 (6%) had some plots that used fixed and others random effects and 1 (6%) reported two summary diamonds, one for each method. In the 115 Cochrane reviews 64% used fixed effects, 17% random effects, 15% had some plots for which each method was used and 4% used neither. The ratio of fixed effects to random effects meta-analytic techniques was roughly 4:1 in Cochrane review plots and 3:4 in non-Cochrane review plots.
Plots in all Cochrane and 8 (28%) of the 28 non-Cochrane reviews that had plots appear to have been generated in Review Manager (RevMan), available at the Cochrane website (http://www.cc-ims .net/RevMan). Only 8 of the 28 non-Cochrane reviews stated the software used to create the plots (6 RevMan, 2 Stats Direct), although we can assume, based on forest plot style and the software used for the statistical analysis, that some authors used Stata and StatXact. In 18 of 28 papers it was not clear to us the software that was used to make the plot, and in 11 of 28 papers the authors neither stated the software used to make the plot nor the software used to perform the analyses.
Discussion
Forest plots are a concise graphical way of summarizing the quantitative findings of a systematic review. Such plots are informative whether they contain a summary diamond from a meta-analysis of the included study results or just present the results of individual studies. Our cross-sectional study reveals several important findings. First, authors of Cochrane reviews generally follow a recipe whereby forest plots are created based on the existence of a question rather than the availability of data. As a result, all Cochrane reviews had forest plots, but 10% contained no data and 465% contained just one or two studies. While these sparsely populated plots certainly emphasize that ''more research is needed,'' plots with 0 or 1 studies serve no other purpose and the message that data are sparse could be made more efficiently. Of note, the 2008 version of the 'Cochrane Handbook for Systematic Reviews of Interventions' states: 'Forest plots should not be generated that contain no studies, and are discouraged when only a single study is found for a particular outcome'. 13 The paucity of information contained in forest plots with sparse data is exacerbated when these plots present summary diamonds that Effect size 0 (0) 9 (9) Number of participants 0 (0) 1 (1) Method not apparent 0 (0) 20 (20) Reported statistic (Plots with at least 1 study)
Ratio measure (risk, odds, hazard)
282 (60) 61 (44) a Absolute risk difference (categorical data)
5 (1) 2 (2) Difference (continuous measure) 181 (39) 73 (52) Cannot be determined from figure 0 (0) 3 (2) Scale (for plots that used ratio measures)
0.001-1000 25 (9) 1 (2) 0.01-100 55 (20) 27 ( FOREST PLOTS 'summarize' one study. The information in these diamonds is redundant and may falsely inflate readers' assessments of the amount of available information. The majority (84%) of non-Cochrane reviews did not contain even one forest plot. Although it is possible that the authors of some reviews had ample data from many studies but naively did not know to include such a plot, there was little evidence of this. More commonly, when data were sparse and the plot would have contained less than three studies, authors of non-Cochrane reviews wisely decided to omit the plot. As a result, when non-Cochrane reviews did have plots these plots tended to be richer; they contained sufficient papers to make the plot interesting and helpful.
Only 3% of both Cochrane and non-Cochrane reviews presented funnel plots. Some authors believe that when there are a sufficient number of studies 23 , are shown ordered by author last name and the dose employed by each study. Within each dosage level, studies are ordered by effect size. From the bottom panel we easily see that there is a suggestion that dose is an effect modifier. This is not apparent in the upper panel.
(e.g. 10 or more), funnel plots can be very useful for detecting asymmetry, perhaps suggesting publication bias, 10, 14 whereas others argue that funnel plots are not particularly helpful. 15, 16 Regardless, our study suggests that they are reported infrequently.
Scientists use graphics to communicate because graphics can have far greater data density and multidimensionality than text. 17 Although the horizontal dimension of each forest plot represents the magnitude and precision of each study's result, our data demonstrate that authors' use of forest plots does not exploit the vertical dimension. All Cochrane review plots and 44% of non-Cochrane review plots presented studies in either alphabetical order or some other order that had little potential for illuminating the meaning of the data. This is unfortunate as one of the main benefits of a systematic review is the opportunity to explore why study results differ from one another. 18 For example, when ordered by year of publication, forest plots can reveal trends related to changing technologies (early studies of computerized tomography will have lower sensitivity than more recent ones because scan resolution has improved). They can also be useful when cumulative meta-analysis is performed or to show how beliefs are modified by the addition of new data to an existing meta-analysis (i.e. updating systematic reviews). 2, 19 Ordering by effect size can aid in the detection of heterogeneity, and ordering on sample size or some analogue (e.g. study weight) can aid in the detection of publication bias (in a manner similar to funnel plots). When ordered by a characteristic of the studies (e.g. dosage used, or severity of illness of the subjects, risk of bias), plots may reveal patterns that would otherwise go unobserved (Figure 2) . It is therefore unfortunate that alphabetical order, which wastes the vertical dimension, predominates. We found no directions regarding this concern in the 2008 Cochrane Handbook.
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All Cochrane review forest plots were created using RevMan software, which ensured that they appeared in a standard format. The benefit of this strategy is homogeneous-appearing forest plots that contain all the desired elements (Table 4) . A downside of this
Do's Always include the following elements
The outcome(s) being assessed The identity of each study (surname of first author or name of study, and reference number to bibliography citation) The number of participants in each group of each study. For continuous outcomes: the mean (SD) and N for each group in each study in tabular and graphic formats. a For binary outcomes: The number of events and number of participants in each group of each study in tabular and graphic formats. A null line (0 for difference measures, 1 for ratio measures). X-axis title and scale and indication of what being to the L or R of null line means. Variable size plotting symbols to indicate study weight.
Always consider the following
Are there sufficient studies (at minimum two, some authors suggest more) to warrant a forest plot? Have the studies been ordered in a meaningful way (year of publication, effect size, sample size, important study characteristic)? Sorting the studies into sub-panels based on an important characteristic. Showing important study characteristics that might explain heterogeneity among studies. Has an appropriate scale (logarithmic for ratios, arithmetic for differences) been selected and is the range of the scale appropriate for the study question and the range of the data? Has the software used to make the figure been identified in the text or figure? Include the following elements when pooled results are presented An indication of each study's contribution to the pooled results (the 'weight').
The pooled result and its confidence interval (in tabular and graphic formats).
The method used to calculate the pooled result (e.g. fixed vs random effects model).
Consider the following when pooled results are presented
Are there sufficient studies to warrant pooling? Are there sufficient studies to warrant the presentation of heterogeneity statistics? Should the results of both fixed effects and random effects models be depicted (assuming both were done)? Should a pooled result be presented for all data or only for each sub-panel?
Don'ts
Order the display alphabetically Make plots when there is one study or less Conduct heterogeneity testing when there are few (e.g. less than five) studies Figure 3 Suggestions for making high-quality forest plots.
a Median (IQR) may be more appropriate when data are skewed though there is no widely used mechanism for pooling data in this form.
FOREST PLOTS approach is that these elements appear even when they are wholly irrelevant. In contrast, authors of non-Cochrane reviews employed a variety of methods to create their plots. As a result, their plots are not standardized and many omit important information (Table 4) . However, these plots seldom display nonsense graphics (e.g. meta-analyses of single studies).
Our findings provide a baseline from which authors, peer reviewers and editors can contemplate how to further improve the information content and organization of forest plots. The most obvious first steps are listed in Figure 3 . We emphasize that authors should: (i) only use forest plots when there are sufficient studies to make them of value; (ii) ensure that plots contain all the important elements; and (iii) exploit the plot's vertical dimension by ordering studies in a way that might illustrate important differences among them, such as by year of publication, effect size or important study characteristic. We also encourage authors to consult item 21 of the PRISMA Statement 20 ['For all outcomes considered (benefits or harms) present, for each study: (i) simple summary data for each intervention group, (ii) effect estimates and confidence intervals, ideally with a forest plot'], and the accompanying PRISMA explanation document. 21 That paper provides examples of 'good reporting' including use of tables and graphics to present the results of systematic reviews, along with an explanation and evidence, when available, for reporting this information.
Supplementary Data
Supplementary data are available at IJE online.
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